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Abstract. There is lack of knowledge of the structure of the 231Ac nucleus located in the upper border
of the island of octupole deformation centered around A = 225. We have populated the excited states in
231Ac by beta-decay from the parent 231Ra produced at ISOLDE, CERN. The low-energy structure of
231Ac has been investigated by means of γ, conversion electrons, γ-γ and γ-e− spectroscopy. We report
here in the precise determination in 231Ac of the half-life of the most intensively populated states by the
Advanced Time Delayed ββγ(t) technique.
PACS. 21.10.Tg Lifetimes – 23.20.Lv Gamma transitions and level energies – 27.90.+b 220 ≤ A – 29.30.Kv
X- and gamma-ray spectroscopy
1 Introduction
The study of the high-mass border of the “island”
of octupole deformation centered around A = 225 is of
great relevance in order to understand the exact mecha-
nism by which the octupole eﬀects disappear in the pres-
ence of a well developed quadrupole ﬁeld.
With this aim the IS322 collaboration at CERN
carried out a systematic investigation of the heavy
transitional Fr – Th nuclei, for which scarce spectroscopic
information was available. Experimentally, for the odd-A
nuclei one should observe an enhancement of the E1
strength for the parity pair partner bands, i.e. rotational
bands with the same intrinsic parameters and spins,
but opposite parity lying close in excitation energy.
These experiments provided the ﬁrst information on the
absolute values of B(E1) in this octupole transitional
region. Relatively large B(E1)-rates have been measured
indicating the presence of octupole correlations in 227Fr,
229Ra and 229Th. For this purpose, the half-lives of
excited states have been determined using the Advanced
Time Delayed ββγ(t) method [1]. This technique is able
to determine with good precision half-lives of excited
states in the nanosecond and picosecond region.
Our study of the 231Ac nucleus, located in this mass
region, is part of a systematic investigation on heavy
actinides carried out by the IS322 collaboration at
CERN [2]. The existing experimental data is very limited.
Correspondence to: borge@iem.cfmac.csic.es
This is one of the examples of the scarcity of spectrocopy
information available. On one hand, in the previous β-
decay study [3], the six most intense γ transitions in 231Ac
were identiﬁed and a value of 103(3) s was obtained for the
β-decay half-life of 231Ra by means of multiscaling mea-
surements. On the other hand, excited states of 231Ac have
been populated via the reaction 232Th(t,α)231Ac [4]. In
the work we are presenting here, the low energy structure
of 231Ac was populated in two experiments, one through
the β-decay chain 231Fr → 231Ra → 231Ac; and the other
producing directly 231Ra in the ion source.
2 Experimental methods
The 231Fr nucleus has been produced by spallation
reactions induced by a 1 GeV proton beam impinging on
an uranium carbide target. The experimental setup con-
sisted of two independent, but simultaneously operated,
measurement stations interconnected by a tape transport
system. The collection, transport and measurement times
were judiciously chosen in order to perform the correlative
study of the diﬀerent isotopes of the A = 231 isobaric
chain. The 231Fr beam was deposited on the fast-timing
station which consisted of two HPGe γ detectors with eﬃ-
ciencies of 40% and 70%, respectively, a plastic scintillator
used as a β-detector and a fast BaF2 gamma detector.
This station, the one relevant for the present work, was
dedicated to the measurement of γ-γ coincidences allowing
88 The European Physical Journal Special Topics
Ac14289
231
E T1/2[keV]
 0          
 5.6(4)     
 18.35(20)    
 38.05(14)    
 61.73(20)    
 68.57(21)    
 74.75(21)    
 116.02(17) 14.3(11) ns   
 160.73(11) <900 ps   
 238.01(14) 57(11) ps   
 266.76(10) 100(20) ps   
 415.31(12)    
 471.68(12) < 54 ps   
18
.4
4
 
 
18
.4
4 
(~
16
0)
 
(~
16
0)
19
.6
4
 
 
19
.6
4 
(~
60
)
 
(~
60
)
37
.8
 
 
37
.8
 (9
)
 
(9)5
6.
50
 
 
56
.5
0 
(8;
E2
(+
M
1))
 
(8;
E2
(+
M
1))
63
.2
3
 
 
63
.2
3 
(8;
&)
 
(8;
&)
36
.7
4
 
 
36
.7
4
(11
)
 
(11
)
41
.2
7
 
 
41
.2
7
(97
)
 
(97
)
47
.4
5
 
 
47
.4
5
(38
)
 
(38
)
54
.2
9
 
 
54
.2
9
(10
00
;E
1)
 
(10
00
;E
1)
77
.9
7
 
 
77
.9
7
(37
8;E
1)
 
(37
8;E
1)44
.6
 
 
44
.6
 (3
0;M
1)
 
(30
;M
1)
77
.1
7
 
 
77
.1
7
(15
)
 
(15
)
12
1.
96
 
 
12
1.
96
(28
)
 
(28
)
21
9.
69
 
 
21
9.
69
(91
)
 
(91
)
23
2.
71
 
 
23
2.
71
(23
9;E
2)
 
(23
9;E
2)
23
7.
86
 
 
23
7.
86
(26
)
 
(26
)
10
6.
48
 
 
10
6.
48
(50
)
 
(50
)
15
0.
75
 
 
15
0.
75
(8)
 
(8)
19
2.
00
 
 
19
2.
00
(15
3;E
2)
 
(15
3;E
2)
19
8.
18
 
 
19
8.
18
(62
2;E
1)
 
(62
2;E
1)
20
5.
00
 
 
20
5.
00
(72
8)
 
(72
8)
22
8.
73
 
 
22
8.
73
(17
5)
 
(17
5)
26
0.
82
 
 
26
0.
82
(15
8)
 
(15
8)
17
7.
39
 
 
17
7.
39
(19
)
 
(19
)
25
4.
57
 
 
25
4.
57
(16
5;M
1)
 
(16
5;M
1)
29
9.
10
 
 
29
9.
10
(66
;M
1)
 
(66
;M
1)
39
6.
92
 
 
39
6.
92
(57
;&
)
 
(57
;&
)
40
9.
89
 
 
40
9.
89
(10
80
;E
1)
 
(10
80
;E
1)
20
4.
79
 
 
20
4.
79
(48
3;M
1)
 
(48
3;M
1)
35
5.
66
 
 
35
5.
66
(40
)
 
(40
)
39
6.
92
 
 
39
6.
92
(57
;&
)
 
(57
;&
)
40
3.
03
 
 
40
3.
03
(30
1)
 
(30
1)
Fig. 1. Partial level scheme of 231Ac up to 500 keV excitation
energy.
for the determination of the level scheme and the excited
levels lifetimes [1]. For further details of the setup, see [5].
3 Summary and results
We conﬁrm the list of the six γ transitions assigned to
231Ac in the work of Hill et al. [3] and we extend it to
more than 100 lines which identiﬁcation was based upon
temporal behaviour of the γ-lines and γ-γ coincidences,
see [6] for details. With the γ-γ coincidence data from
the fast-timing station, we were able to construct for the
ﬁrst time the level scheme of 231Ac. The portion relevant
for the half-life measurements is displayed in ﬁgure 1.
The analysis of the β-BaF2-Ge triple coincidence
from the fast-timing station allowed us to estimate the
half-lives of ﬁve levels in 231Ac. The timing information
is provided by the coincidences between the fast-timing
β and γ (BaF2) detectors, while a coincidence with one
of the two HPGe detectors permits to select univocally
the desired decay branch. Two diﬀerent analysis methods
are aplicable depending on the lifetime range of the level
of interest. Long lifetimes, observed as slopes on the
time-delayed tail of the time spectra, are measured by
the shape deconvolution method. While for lifetimes in the
sub-nanosecond range regime, the centroid shift technique
is more suitable, although both methods can be apli-
cable in some cases [1]. Detailed information of the
technique and analysis of the data are described in [6].
The results of our analysis are summarized in Table 1.
An example of the ﬁtting of the experimental data using
Table 1. Measured half-lives of low-lying levels in 231Ac.
Level (keV) T1/2
116.02(17) 14.3(11) ns
160.73(11) < 900 ps
238.01(14) 57(11) ps
266.76(10) 100(20) ps
471.68(12) < 54 ps
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Fig. 2. Fast-timing β-BaF2 spectrum gated on the full-
energy peak of the BaF2 centred at 54 keV coincident with the
299.10 keV γ line selected on both HPGe detectors. A partial
decay scheme illustrates the studied cascade.
the shape deconvolution method is displayed in ﬁgure 2.
The time spectrum obtained as projection of the BaF2-Ge
fast TAC where the 54.29 keV is selected on the BaF2 de-
tector and the 299.10 keV gamma peak in the Ge detector
is asymmetric. The diﬀerence with respect to a prompt
calibration peak is displayed in ﬁgure 2. This asymmetry
is due to the relatively long half-life of 14.3(11) ns of the
intermediate state, i.e., the 116.02(17) keV level.
Similar half-life values for an excited state has only
been measured for the 3/2+ 27.37 keV state (38.3(3) ns)
in the isotope 227Ac [7] and 36.5(4) ns [8] for the 5/2+
86.47 keV state in the isotone 233Pa. In both cases the
levels are of opposite parity to the ground state and con-
stitute the band head of the ﬁrst excited band assigned as
3/2 [651]. In the case of A = 227 this state is the band
head of the parity doublet to the 227Ac ground state band.
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